Histamine, which increases capillary permeability and P-selectin expression on vascular endothelial cell surfaces, is widely distributed in the lung. We studied the role of endogenous histamine on the pathogenesis of endotoxin-induced acute lung injury (ALI) in rats. We instilled either normal saline (control group) or lipopolysaccharide (3 mg/Kg, LPS group) into the tracheas of Sprague-Dawley rats. The H1-receptor blocker (mepyramine, 10 mg/Kg, HlRB group), H2-receptor blocker (ranitidine, 10 mg/Kg, H2RB group), and H3-receptor blocker (thioperamide, 2 mg/Kg, H3RB group) were administered through the vein or peritoneum along with intratracheal LPS administration. We considered statistical significance to be p C 0.05. LPS significantly increased protein concentration, PMN cell count in bronchoalveolar lavage (BAL) fluid, and myeloperoxidase (MPO) activity in lung tissue at 6 h in the LPS group compared with the control group. LPS increased the histamine level in BAL fluid significantly at 2 h after treatment compared with the control group. PMN cell count in BAL fluid and MPO activity in lung tissue were significantly lower in the H2RB-group compared with the LPS group. However, protein concentration in BAL fluid showed no significant differences between the LPS alone and LPS with a histamine receptor blockade. In conclusion, endogenous histamine might be involved in the recruitment of PMNs in LPS-induced ALI via the H2 receptor. However, the role of endogenous histamine in ALI would not be significant in this model.
Introduction
Acute lung injury (ALI) is characterized by increased alveolar-capillary permeability with acute bilateral diffuse pulmonary edema and severe hypoxia (1) . Activated neutrophils have been considered to play a central role in the pathogenesis of ALI by releasing the several inflammatory mediators in sepsis-induced ALI (2-5).
Widely distributed on the mast cells surrounding pulmonary vasculature, histamine is considered an important mediator in immunologic and inflammatory responses. It can constrict or dilate pulmonary vasculature and increase capillary permeability (6) and it is involved in endothelial cell injury and neutrophil migration to tissues (7-1 1). Histamine reacts on its receptors on vascular endothelial cells (12) and increases the expression of P-selectin that influences the migration of neutrophils to tissues on the endothelial cell surface (13, 14) . In addition, histamine induces secretion of interleukin (1L)-8, a potent neutrophil chemoattractant, by endothelial cells (1 5) , and increases the chemokinesis of neutrophils (9). Moreover, IL-1, a major proinflammatory cytokine in the pathophysiology of sepsis, increases the release of endogeneous histamine from the mast cells around the pulmonary vasculature (16, 17) . We have also observed that histamine cotreatment with TNF-a or IL-1 augmented the TNF-a or IL-1 -induced neutrophil infiltration of lung tissue and bronchoalveolar lavage (BAL) fluid after 5 hours with no additional increase in the leakage of pulmonary vasculature in Sprague-Dawley rats (18). Therefore, we can assume that endogeneous histamine may be involved in sepsis-induced ALI. However, the role of histamine on the pathogenesis of ALI has not been well addressed .
At least 3 different types of histamine receptors are distributed on several cells in lung tissue. The H1 receptors are involved in bronchoconstriction and pulmonary vascular constriction, and the H2 receptors mediate mild bronchodilation, mucus release, and pulmonary vascular relaxation (26) . There have been some reports that mainly H1 receptors are involved in the increased permeability of alveolar capillary endothelial cells (19) . H2 receptors also seem to be involved in the increased permeability of alveolar epithelial cells (20) . We hypothesized that histamine might be involved in the mechanism of endotoxininduced neutrophil infiltration of lung tissue leading to increased capillary permeability in rats. To address these hypotheses, this study aimed to 1) examine whether endotoxin increases endogenous histamine production; 2) observe if the pretreatment of histamine-receptor blockades decreases neutrophil infiltration of lung tissue; and 3) determine endogenous histamine's effect on capillary permeability in endotoxin-induced ALI. In this study, we evaluated the degree of neutrophil infiltration by measuring neutrophil numbers in BAL fluids and myeloperoxidase activity in lung tissue. Measuring the protein and histamine levels in BAL fluid assessed the capillary permeability of the lung tissue and the degree of endogenous histamine production.
Materials and Methods
Experimental animals. We used a pathogen-free species of male Sprague-Dawlqy rats (Section of Laboratory animals, Asan Institute for Life Science, Seoul, Korea) weighing 270-370 g for this investigation. The rats were fed a controlled diet (Sam-yang Feed Company, Seoul, Korea) , and were housed in cages before the experiment. The Animal Care Committee of the Asan Life Science Institute approved the experimental protocol. The rats were cared for and handled according to the guidelines of the National Health Institutes.
Experimental design. We divided the rats into 5 groups: (1) a saline (control) group, infused with 0.5 ml saline intratracheally; (2) a lipopolysaccharide (LPS) group, infused with 3 mgkg body weight of LPS (Escherichia coli lipopolysaccharide, 055;B5, Sigma Chemical Co., St. Louis, MO) in 0.5 ml saline intratracheally; and (3) 3 histamine-receptor blockades cotreatment groups that were treated just before endotoxin instillation with the H1 -receptor blockade mepyramine (pyrilamine, Sigma Chemical, St. Louis, MO, USA) using 10 mg per kg of body weight intravenously (HlRB group)(8), or with the H2 receptor blockade ranitidine (Zantac@ :GlaxoSmithKline, USA) using 10 mg per kg of body weight intravenously (H2RB group)(8), or with the H3 receptor blockade thioperamide (Sigma Chemical, St. Louis, MO, USA) using 2 mg per kg of body weight intraperitoneally (H3RB group). In the histamine-receptor blockade cotreatment groups, we determined the doses of histamine receptor blockades as the reported minimum dose for the maximum action for histamine blockade in the several studies regarding the action of histamine as a mediator of inflammation. Recent evidence indicates that sufficient inflammatory response can be induced in the lung 6 h after LPS treatment, demonstrable as neutrophil accumulation and a neutrophil oxidant burst in the lung. Therefore, we chose to examine the rats at 6 h after LPS treatment.
2) Experimental process
The rats underwent intraperitoneal instillation of ketamine (45 mg/kg, Boerhinger Ingelheim, St. Joseph, MO, USA) and xylazine (3 mgkg, Haver, New York, NY, USA) under inhalation with enflurane before the administration of normal saline or endotoxin with or without histamine-receptor blockades via the trachea, vein, or peritoneum. Air was infused with a 3 ml syringe 2 times for better delivery of the drugs into the lung tissue after the instillation of normal saline or endotoxin intratracheally. The rats were awakened to act till the next experiments. Five h and 50 min after the treatment, anesthesia was induced again by administrating ketamine (90 m a g ) and xylazine (7 mgkg) intraperitoneally. Then we inserted a ventilator. Next, a heparin 200 unit was injected via the right ventricle after open thoracotomy and laparotomoy. The venous blood from the right ventricle was obtained and centrifuged at 3,000 rpm for 10 min and stored as serum. The heart and lungs were extracted during perfusion of a phosphate-buffered saline (PBS) by an infusion pump (masterflex pump, Cole-Parmer Instrument Co. Barrington, IL, USA). The extracted lung tissue was stored immediately at -70 "C until the measurement of myeloperoxidase (MPO) activity. Control rats received identical anesthesia and surgery.
(3) The acquisition of BAL sample for histamine measurement and cell counts: At 1,2, and 6 hours after endotoxin administration, we inserted a 16-gauge stub adaptor tube into the trachea of the rats after the induction of anesthesia and instilled 6 ml of normal saline 3 times. We then retrieved bronchoalveolar lavage fluid. After obtaining samples at each time period, the rats were sacrificed. BAL samples from each group were centrihged at 1,400 rpm for 10 min and then the aliquots from the supernatant were frozen at -60°C and used for the experiments. Centrifiged BAL cells were diluted with 1 ml of supernatant; then the total cell count was measured by hemocytometer and the percentage of neutrophils was counted after a a 16-gauge stub adaptor tube into the trachea and connected it to cytospine and Wright stain. (1) Measurement of histamine concentrations in the serum and BAL samples We obtained serum and BAL samples from each group at 1, 2, and 6 hours and measured the histamine concentration by automatic photometry using the Astoria Analyzer Series 300 (Clackamas, Oregon 9701 5-0830 USA) (22) .
3) Measurement indices
(2) Measurement of the activity of myeloperoxidase (MPO) in lung tissue Lung tissue was homogenized by a Vertishear tissue homogenizer (Virtis, Gardiner, NY, USA) with a 4 ml phosphate buffer and then centrifuged by a Sorvall RC-5B refrigerated centrifuge (Dupont Instruments, Irving, TX, USA) at 4 "C with 30,000 g for 30 min. After the acquisition of pellets, 4 ml of phosphate buffer and 0.5 % hexadecyl-trimethyl ammonium bromide were added to the pellets, and then the pellets were sonificated with a Kontes microultrasonic cell disrupter (Vineland, NJ, USA). The broken samples were heated for 2 h at 60°C to inactivate the tissue MPO inhibitor. Then the activity of MPO was measured by spectrometry using 0-dianisidine (23) . (3) Measurement of the indexes of lung inflammation and injury The protein concentration of serum and BAL were measured using the bicinchoninic acid (BCA) method (24) .
Statistical Analysis
Each value was expressed as median and range. Comparison among groups was performed with a nonparametric Kruskal-Wallis test using SPSS 10.0 (SPSS Inc., Chicago, IL, USA) and the difference among the 5 groups was analyzed with Duncan's multiple comparison. Then the comparison between 2 groups was re-examined by a Mann-Whitney U test. We considered a p value < 0.05 as a significant difference. The number of determinations (n) is shown in parenthesis.
Results
(1) Histamine concentrations in BAL fluids and serum. Histamine concentration in the BAL fluids of the normal control group (control group) at 1 (n=5), 2 (n=4), 6 (n=4) h after saline instillation via the trachea were 26.48 (1.46-54.82) ng/ml, 25.20 (17.18-59.08 ) ng/ml, and 34.53 (5.96-40.58) ng/ml. The histamine concentrations in the BAL fluids of the LPS group at the above time periods (n=5, in each) were 22.80 (16.24-52.92 ) ng/ml, 77.01 (60.40-90.78) ng/ml, and 39.68 (3.72-69.81) ng/ml.
The histamine level of the LPS group was significantly higher at 2 h compared with the control group (p=0.016). In the HlRB group (n=4, in each), the histamine concentrations of BAL fluids were 42.97 (0.22-79.97) ng/ml, 77.58 (52.28-112.50) ng/ml, and 28.36 (14.03-112.93) ng/ml at the time periods. The difference at 2 h did not reach statistical significance compared with the control group due to the wide variation (p=0.063). In the H2RB group (n=5, in each), the histamine concentrations of BAL fluids were 50.17 (11.83-138.05 ) ng/ml, 176.53 (58.33-41 1.1 1) ng/ml, and 19.09 (9.05-80.67) ng/ml. The level at 2 h was significantly higher than the control group (p=0.032). However, there was no significant difference compared with the LPS group. The histamine concentrations of BAL fluids were 52.13 (41.52-100.02) ng/ml, 40.24 (12.98-75.44 ) ng/ml, and 27.52 (0.97-68.48 ) ng/ml in the H3RB group (n=4 in each), showing no significant difference at the time periods compared with the control and LPS groups (Fig. 1) .
The serum histamine concentrations in the control group at the same time periods (n=4, in each) were 78.78 (28.06-153.08) nglml, 115.53 (87.71-148.76) nglml, and 82.29 (25.51-133.25 ) ng/ml. In the LPS group, the serum histamine concentrations at the time periods (n=5, in each) were 86.67(70.14-98.74) ng/ml, 89.36 (44.77-143.37) ng/ml, and 101. 13 (89.20-115.20) nglml, showing no difference with control group. In the HlRB group, the serum histamine concentrations were 184.52 (79.55-282.29) nglml, 25 1.47 (201.02-339.28) ng/ml, and 195.37 (101.26-267.38 ) nglml, which were significantly higher than the control and LPS groups at 2 and 6 h (p=0.016, p=0.032). While in the H2RB group, the serum histamine concentrations were 43.18 (32.02-156.43) ng/ml, 155.16 (65.37-228.0) ng/ml, and 25.46 (1.61-146.00) ng/ml, showing no significant difference compared with the control and LPS groups. In the H3RB group, the serum histamine concentrations were 48.35 (17.45-58.84 ) ng/ml, 14.02 (1 1.40-32.39) ng/ml, and 21.59 (6.45-84.668) ng/ml, which were significantly lower than the LPS group at the same times (p < 0.05, in each). (Fig. 2) (2) The inflammation indexes 1) Total cell counts in BAL fluids (Fig. 3) : The total cell counts in BAL fluids in the control group at the same time periods (n=4, in each) were 7.76 (4.39-9.42) x 106/ml, 1.61(0.95-2.91) x 106/ml, and 2.37 (1.94-4.21) x 106/ml. In the LPS group, total cell counts in BAL fluids (n=5, in each) were 2.09 (1.63-13.20) x 106/ml, 13.37(2.93-35.06) x 106/ml, and 46.70 (23.10-101.60) x 106/ml, which were significantly higher than the control group at 2, 6 h (p=0.016, in each). In the HIRB group, the total cell counts in BAL at 1 (n=5), 2 (n=4), and 6 h were 6.25 (1.35-10.67) x 106/ml, 15.75 (1.36-10.67) x 106/ml, and 23.20 (14.95-37.35) x 106/ml, which were significantly higher than the control group at only 6 h @=0.016). Compared with the LPS group, there was no difference in total cell count at 6 h. In the H2RE3 group, the total cell counts in BAL at 1 (n=4), 2, and 6 h (n=5, in each) were 2.21 (1.39-9.87) x 106/ml, 2.16 (0.99-2.75) x 106/ml, and 10.70 (8.98-16.47) x 106/ml, which were significantly higher than the control group at 2 and 6 h (p=0.016, in each). However, they were significantly lower at 2 and 6 h than the LPS group @=0.016, p=0.008). In the H3RB group, the total cell counts in BAL at 1 (n=4), 2 (n=4), and 6 (n=5) h after endotoxin instillation were 9.68 (7.17-12.79) x 106/ml, 2.75 (1.04-7.13) x 106/ml, and 47.40 (10.68-96.83) x 106/ml, which were significantly higher than the control group at 6 h (p=0.016). They were not significantly different from those of the LPS group.
2) Neutrophil count in BAL fluids (Fig. 4) The neutrophil counts in BAL fluids at 1, 2, and 6 after intratracheal saline instillation were 0.73 (0.25-1.22) x 106/ml, 0.13 (0.04-0.57) x 106/ml, and 0.20 (0.08-1.18) x 106/ml in the control group. The counts were 0.58 (0.31-5.54) x 106/ml, 4.44 (1.05-13.32) x 106/ml, and 42.96 (22.17-95 .50) x 106/ml in the LPS group, which were significantly higher than the control group at 2 and 6 h (p=0.016, in each). In the HIRE3 group, the counts were 0.75 (0.16-1.51) x 106/ml, 0.35 (0.29-1.09) x 106/ml, and 21.11 (13.46-35.11) x 106/ml, which were significantly higher than the control group at 6 h (p=0.016). The value was significantly lower at 2 h compared with the LPS group @=0.016). The counts in BAL fluids were 0.69 (0.17-2.46) x 106/ml, 1.23 (0.99-2.75) x 106/ml, and 9.02 (8.44-15.81) x 106/ml in the H2RB group, which were significantly higher than the control group at 2 h (p=0.016). The count at 6 h was significantly lower compared with the LPS group (p=0.008). In the H3RB group, the neutrophil counts were 1.45 (1.21-1.89) x 106/ml, 1.25 (0.21-3.85) x 106/ml, and 44.56 (9.93-87.15) x 106/ml, which were significantly higher than the control group at 1 and 6 h (p=0.032, p=0.016). The value at 1 h was significantly higher compared with the LPS group @=0.016).
3) Total protein concentration in BAL fluids (Fig. 5 ) Total protein concentrations in the BAL fluids of the control group at the same time periods were 242.10 (221.49-251.02) pg/ml, 507. 75 (434.77-764.92) pg/ml, and 576.82 (497.50-712.75 ) pg/ml. They were 270.42 (145.33-825.66) pg/ml, 553.39 (367.94-1056.99) pg/ml, and 1116.47 (641.84-1506.10 ) pg/ml in the LPS group, which were significantly higher at 6 h compared with the control group (p=0.005). Protein concentrations were 527.73 (332.45-554.14) pg/ml, 379.10 (194.18-641.94 ) pg/ml, and 419.93 (307.51-1 162.78) pg/ml in the HlRB group, which were significantly higher than the control group at 1 and 6 h (p=0.008, in each). They were not significantly different from those of the LPS group. In the H2RB group, protein concentrations in BAL fluids were 315.02 (233.21-808.31) pg/ml, 597.82 (484.86-85 1.51) pg/ml, and 1369.40 (699.76-3344.34) pg/ml, which were significantly higher than the control group at 2 and 6 h (p=0.008, in each) . There were no significant difference between the H2RB and LPS groups. The concentrations were 530.88 (239.38-141 1.77) pg/ml, 961.48 (667.18-1289.77) pg/ml, and 2248.08 (1006.03-5661.18) pg/ml in the H3RB group, which were significantly higher than the control group at 2 and 6 h (p=0.016, p=0.008). The values were not significantly different from those of the LPS group. (Fig.6 ) The MPO activity, as an indicator of neutrophil infiltration and activity in lung tissue, was 1.72 (1.38-8.36 ) unit/g in the control group (n=6), and 18.05 (10.30-25.04) unit/g in the LPS group (n=5), showing significant difference between the groups (pc0.01). MPO activity in rats treated with histamine receptor blockades was 16.19 (1 1.49-16.61 ) unit/g in the HlRB group (n=5) and 13.82 (3.93-14.80) unit/g in the H3RB group (n=S), showing no significant difference compared with the LPS group. However, MPO activity was 7.18 (6.68-10.79) unit/g in the H2RB group (n=5), which was significantly lower than the LPS group @<0.01).
4) MPO activity in lung tissue

Discussion
It is known that neutrophils accumulate in the lungs of ARDS patients and that neutrophils play a central role in experimental models of acute lung injury (ALI). Because neutrophils must initially be recruited before participating in ALI, chemotactic factors that elicit neutrophil migration are important. Histamine, which is abundantly distributed in the lung, increases the expression of P-selectin on vascular endothelial cells (1 2) that is involved in neutrophil migration to tissues at the surface of endothelial cells (13, 14) . Furthermore, histamine has been reported to increase the release of IL-8 (15) and the chemokinesis of neutrophil (9). Therefore, we can assume that endogeneous histamine may be involved in the neutrophil accumulation in ALI. However, the role of histamine in ALI has not been well elucidated. We used a sepsis-induced ALI model to observe the histamine effect on ALI because activated neutrophils seem to be essential in the pathogenesis of sepsis-induced ALI To estimate the effect of LPS on endogenous histamine production, we initially measured the histamine levels in BAL fluids and serum. Histamine concentration in BAL fluids was significantly elevated at 2 h after endotoxin instillation over its concentration in the control group in our study, suggesting that endogeneous production of histamine may be augmented by endotoxin. On the other hand, the serum histamine concentration in the LPS group showed no significant difference compared with the control group.
To find the relationship between increased endogenous histamine production and neutrophil accumulation in the lung in our model, we compared the neutrophil counts in the BAL fluids and lung tissue of the rats treated by LPS withouvwith pretreatment of histamine receptor blockades. We found that ranitidine, a H2 receptor blockade, decreased the elevated (2-5).
neutrophil counts in BAL and MPO activities in lung tissue by LPS in this model. These results suggest that endogeneous histamine may be involved in the neutrophilic infiltration of lung tissue via a H2 receptor, which is distributed most widely in endothelial cells (12) . In the literature, the augmentation of neutrophilic infiltration by histamine in lung tissue along with IL-8 administration was blocked only by mepyramine, a H1 receptor blockade (7), and the increased neutrophilic activity by histamine was via the activation of the H2 receptor (9). However, the increase in the production of IL-8 by histamine was blocked by H1 and H2 receptor blockade in the endothelial cell (1 5) . According to these results, including our results, the involved histamine receptors would be different, depending on the experimental models.
Because neutrophils are known to perform the main action in the acute vascular and lung epithelial permeability induced by LPS, and because the H2 receptor was involved in the histamine induced acute lung leak (20), we expected that the H2 receptor blockade would attenuate the acute leak in our model by decreasing the neutrophilic infiltration of lung tissue. If so, our expectation could have a very important clinical implication. Patients with ALI often receive a preventive measure for a stress ulcer during ventilatory support. In the clinic, a surface coating agent, such as sucralfate or a H2 histamine receptor blockade such as ranitidine, has been administrated for the purpose. However, there have long been conflicts about the choice of these two drugs (25) . If a H2 histamine receptor blockade can attenuate ALI, it should be the first consideration for the prevention of a stress ulcer in patients with ALI. However, the H2 receptor blockade did not attenuate the acute protein leak in our model, which reflects that the dose of histamine receptor blockade we administered in our study could not modulate the toxic action of the recruited neutrophils.
Serum histamine concentration was continuously higher than the LPS group after 2 h in the HlRB group, and the concentration was significantly lower in the H3RB group than the LPS group at all times without interval change after endotoxin instillation. One possible explanation for the higher serum histamine concentration in the HlRB group than in the LPS group might be that histamine degradation may be lowered by a H1 receptor blockade. This speculation could be partly explained by the action of histamine methyl transferase (HMT), which may be inhibited by typical H1 and H2 histamine receptor blockades (26) . HMT is one of the 2 important enzymes involved in histamine metabolism and is widely distributed in lung tissue. Until now there has been no report about the role of the H3 receptor in acute lung injury and the change of serum histamine concentration after a blockade of the H3 receptor. In our study, serum histamine concentration was lower in the H3RB group than in the LPS group. The H3 receptor has been known to be involved in the negative feedback control of the production and release of histamine at nerve endings (27) . It might be that the H3 receptor blockade influenced the endogenous production or release of histamine induced by LPS.
In conclusion, endogenous histamine might be involved in the recruitment of PMNs in LPS-induced ALI via the H2 receptor. However, the role of endogenous histamine in ALI would not be significant in this model. 
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